Pseudomonas is a communal motif of environmental associated disease and causes a serious problem in poultry farms, so this study was deliberated to investigate the quandary of Pseudomonas species especially Pseudomonas aeruginosa (P. aeruginosa) which has multifarious virulence genes and plays a major role in poultry outbreaks. Also, it focuses the light on the problem of antimicrobial and disinfectant resistance. A total of 200 samples (100 from dead in shell chicken embryos and 100 from broilers at different ages) were collected from different hatcheries and farms in Luxor governorate, 40 isolates (20%) of Pseudomonas species were isolated and identified serologically as P.cepacia, P.fluorescens, P.putida, P.fragi and P.aeruginosa. PCR inveterate the existence of P.aeruginosa DNA in seven isolates by using 16SrDNA primers at 956bp. P.aeruginosa isolates have different virulence genes such as toxA, exoS, lasB, lasI and oprL gene with incidence rate 71.42% for each of them, except oprL was 100%. Also, Quaternary Ammonium Compounds resistant genes (QACs) were detected in P. aeruginosa isolates with incidence rate (14.28%) for each of qacAB and qacCD genes, while the qacED1 gene incidence was (100%). P. aeruginosa isolates showed an obstacle of antimicrobial resistance for different antimicrobials while most of these isolates cleared susceptibility for ciprofloxacin and norfloxacin. In conclusion, this work described the problem of P. aeruginosa as it proved a high virulence repertoire owned by the P. aeruginosa that confirming its pathogenicity for chicken embryos and broilers. Also, our study is fuelling the concern on disinfectant resistance problem and displaying the relation between QACs and antibiotic resistance. So, the deterrence of the Pseudomonas infection in the poultry housing becomes necessary by applying strict bio-security measures.
Introduction
Pseudomonas species play an effective role in the poultry industry of all ages. The major leading of pseudomonas species causing poultry outbreaks, especially in chicks, was Pseudomonas aeruginosa (P.aeruginosa) which is a gram-negative, a motile, non-spore forming rods (Elsayed et al., 2016) . It is characterized by producing of watery soluble green pigment with a specific fruity odor.
The hatchery is the leading source for the prevasion of diseases within the poultry industry. The problem constantly starts with contaminated eggs which are incubated under exemplary condition for microbiological growth. Various bacterial pathogens that contaminate hatcheries have been isolated from dead in shell embryos (Bakheet et al., 2017) . P.aeruginosa was considered a profiteer pathogen, leads to respiratory infections, septicemia and mortalities in chickens and embryos (Dinev et al., 2013 and Eman et al., 2017) . It is always listed as the head most of three frequent Gram-negative pathogens and is linked to the worst visual diseases. Its outbreak varies from 2 to 100% (Fick, 1993 , John Barnes, 1997 and Saad et al., 2017 .
P. aeruginosa has got a massive armory of virulence repertoire such as lipopolysaccharide, elastase, alkaline proteases, pyocyanin, pyoverdin, hemolysins, phospholipase C and rhamnolipids. These factors are coordinated by a global regulatory system which is activated by autoinducers involved (lasI) gene (Kebede, 2010 and Habeeb et al., 2012) . Also exoS, exoT, exoU, and exoY genes that regulate the action of P. aeruginosa type III secretion system which injects toxic effectors proteins into the cytosol of host cells and accompanied by inferior clinical outcomes and elevated mortality rates (Hauser, 2009) .
P. aeruginosa uses the virulence factor exotoxin A to inactivate eukaryotic elongation factor 2 in the cell, such as the diphtheria toxin does, hence eukaryotes can't synthesize protein and necrotize (Eman et al., 2017) . Since the powerful toxins released during bacteremia as continuing to infection even after P. aeruginosa has been killed off by antibiotics (Kirienko et al., 2015) .
One of the main troublesome characters of P. aeruginosa is a minor susceptibility to a lot of types of antimicrobials, making it a very hard pathogen to eliminate and this because P. aeruginosa genome contains the largest known resistance island genes (Balasubramanian et al., 2013 and Khattab et al., 2015) . The important reason for antimicrobial resistance was impermeability which belongs to the outer membrane lipoprotein (oprL gene) that implicated in efflux transport systems and affects cell permeability (De Vos et al., 1997) .
Antibiotics are profusely administered for therapeutic and prophylaxis purposes in veterinary field (Dandachi et al., 2018) . In recent years, disinfectants have been used with carelessness that leading to the adaptation of bacteria and augmenting the spread of resistant bacteria. P. aeruginosa isolates were found to be resistant to quaternary ammonium compounds (QACs) (Loughlin et al., 2002) . It was found that QACs resistance genes were combined decisively with genes coding for resistance to Sulphonamides, Trimethoprim, Chloramphenicol, Aminoglycosides and -lactams (Zhao et al., 2012 and Schill et al., 2017) .
Therefore the intent of this study was the characterization of P.aeruginosa isolated from chicken embryos and broilers, with focusing a high light on virulence and disinfectant resistance genes, in addition to determining the susceptibility of P.aurgienosa strains for different antimicrobials.
Materials and Methods

I. Samples Collection:
A total of 200 samples included liver heart and yolk sac were collected from 100 dead in-shell chicken embryos and 100 broilers (50 baby chicks and 50 broilers) from different hatcheries and farms in Luxor governorate for isolation and identification of Pseudomonas spp., most of the cases suffered from diarrhea, yellowish nasal secretion, ruffled feather and conjunctivitis. All samples were handled aseptically to prevent crosscontamination using sterile sampling materials according to (Middleton et al., 2005) . The period of work extended from November 2017 to May 2018.
II.
Isolation and Biochemical identification of pseudomonas spp.:
One gram from each sample was inoculated in a tube containing 9 ml Peptone buffer water (PBW) and incubated at 37ºC for 24 hrs then a loopful PBW was streaked onto Trypticase soy agar and was incubated at 37°C for 24-48 hours, The suspected colonies were refined on MacConkey agar and Pseudomonas agar media at 37°C for 24h. P. aeruginosa isolation was done according to (Shukla and Mishra, 2015) . The suspected colonies were subjected to different biochemical tests such as oxidase test, catalase test, arginine hydrolysis test, gelatin liquefaction, Indol, methyl red and urease test (Cheesbrough, 2000) .
III. Serological identification:
Serotyping of the isolated Pseudomonas spp. was applied by using slide agglutination technique (specific 4 polyvalent and 16 monovalent antisera) according to the recommendation of the manufacturer's protocol (Bio-Rad®, France) according to Glupczynski et al., (2010) . The apportionment of P. aeruginosa into groups based on P.aeruginosa O antisera, relayed on the International Antigen Typing Scheme (IATS) according to Legakis et al. (1982) .
IV. Antibiotic Sensitivity Test:
The antimicrobial sensitivity test was performed according to Finegold and Martin (1982) by using the disc diffusion method. Different antimicrobials were used such as Tetracycline, Erythromycin, Ampicillin, Amoxicillin, Sulphamethazone, Nalidixic acid, Streptomycin, Gentamycin, Ciprofloxacin and Norfloxacin. The interpretation of the measured zone was done according to CLSI (2018).
V. DNA Extraction:
P. aeruginosa DNA was extracted according to QIAamp DNA mini kit instructions.
VI. Amplification of P. aeruginosa 16S rDNA:
The amplification of P. aeruginosa 16S rDNA was done by using specific primers, F-5ˊGGGGGATCTTCGGACCTCA3ˊand R-5ˊTCCTTAGAGTGCCCACCCG3ˊ (Spilker et al., 2004) which targeted fragment size 956bp (Table .1 ). These primers were utilized in a 25 μl reaction containing 12.5 μl of Emerald Amp Max PCR Mastermix (Takara, Japan), 1 μl of each primer of 20 pmol concentrations, 4.5 μl of water and 6 μl of the template. The PCR cycles consisted of preheating at 94°C for 5min, denaturation at 94°Cfor 30 sec, annealing at 52°C for 45 sec, extension at 72°C for 1min and final extension 72°C for 10 min. The amplification was performed for 30 cycles in a Biometra thermal cycler. The PCR products were separated by electrophoresis in1.5% agarose gel (ABgene). A 100 bp DNA Ladder (Qiagen, USA) determines the fragment sizes. The gel was pictured by a documentation system and the data was saved by computer software.
VII. Molecular detection of virulence and disinfectant resistant genes in P. aeruginosa isolates
Eight sets of Pseudomonas spp. primers were utilized in the study and are listed in Table ( 
Results
I. Isolation and identification of P.aeruginosa
The results of bacteriological examination for 200 samples (100 from dead embryos and 100 from broilers at different ages), cleared that 40 samples (20%) showed a green-blue color colonies with a sweet grape-like odor of Pseudomonas spp. were developed on Pseudomonas agar media and didn't ferment lactose sugar in MacConkey agar, also it was noticed that the incidence of Pseudomonas spp. was higher in dead embryos and baby chicks in age from 1day to10 days than other ages (Table 2) . Different biochemical tests were used to identify Pseudomonas spp, Ps. Aeruginosa showed a clear positive result for oxidase test, catalase test, Citrate reaction, arginine hydrolysis (gives brown color) and gelatin liquefaction but is negative to indole production, methyl red reaction and Voges Proskauer test. P. aeruginosa produces pyocyanin and pyoverdin pigments, grows well at 42˚C and 4˚C and gives red butt and slant without H2S production on triple sugar iron agar. But the biochemical scheme cannot separate other species due to the high resemblance among the results of isolates so further identification was done by serological test and PCR to reach to accurate species. (3) showed that 35 isolates only belonged to Pseudomonas spp. and 5 isolates were unidentified serologically. Identified isolates were subtended to P. aeruginosa (7isolates), P.cepacia (8isolates), P. fluorescens (11isolates), P.putida (7 isolates) and P.fragi (2isolates) ( Table 3) furthermore P.aeruginosa strains according to (IATS) were divided into 4 serotypes P.aeruginosa O2, O6, O10 and O11 (Table 4) . Table ( 5) demonstrated that an obvious resistance was noted against Erythromycin, Ampicillin, Tetracycline, Amoxicillin and Sulphamethazone (100%) and was followed by Nalidixic acid (57.1%) and Streptomycin (42.9%). Only one isolate was resistant to Gentamycin (14.3%). On the other hand, the highest sensitivity was observed against Ciprofloxacin (100%) and Norfloxacin (71.4%), so they were considered the most influential antibiotics.
Table (5): The interpretation of antimicrobial resistance of P. aeruginosa isolates according to CLSI (2018).
III. Molecular confirmation of P. aeruginosa DNA by using 16SrDNA primers:
Sixteen isolates were submitted for molecular examination as follows: 7 isolates of P.aeruginosa and 4 isolates from other species (1 from each species) and 5 isolates unidentified serologically. PCR results confirmed the existence of P.aureginosa DNA in the same seven isolates only by using 16SrDNA at 956bp (Fig. 1a, 1b) .
IV. Detection of virulence and disinfectant resistance genes in P.aeruginosa isolates:
Only the P. aeruginosa isolates (7 isolates), were tested for detection of virulence and disinfectant resistance genes. Different primers were used for targeted virulence genes such as (oprL, toxA, exoS, lasB and lasI) resulted in amplicons 504bp, 396bp, 118bp, 1220bp and 606bp respectively, and cleared that oprL gene was disclosed in all P. aeruginosa isolates with percentage of 100% (Table 6 and Fig. 2), while other genes were detected with the same percentage 71.4% (Table 6, Fig. 3 , Fig. 4, Fig. 5 , and Fig. 6 ), Also a group of primers was used in this study for detection of QACs resistance gene (qacA/B, qac C/D and qac ED1) qacA/B and qacC/D genes were detected with the same percentage (14.28%; Fig.7 and Fig. 8 ), while the qacED1 gene incidence was 100% as it was (Fig. 1b) . which causing a high mortality in birds especially chickens (Elsayed et al., 2016) . The complications caused by P. aeruginosa in birds have appeared in the form of respiratory signs, septicemia, keratitis, sinusitis and embryonic death (Hussein et al., 2008 and Hai-ping, 2009 ). So, the identification of these strains should be used as a part of a threat in microbiological analysis. In this study, the prescriptive identification showed typical green-blue color colonies for Pseudomonas spp. on Pseudomonas agar media and colorless colonies on MacConkey agar media, these characters were similar to Haleem et al., (2011) , also the morphological features with gram stain showed a gram-negative rods of pseudomonas spp. these findings were supported by Quinn et al., (2002) and Tripathi et al., (2011) .
The results that were illustrated in table (2) showed that the incidence of pseudomonas spp reached to 20%, the higher incidences were recorded in dead embryos and broiler chicks (1-10 days) 19% and 42% respectively, in comparison with old ages (over 10 days), these results were supported by Kebede (2010) who proved experimentally that the main cause of high mortalities rate in unhatched chicken and young chicks, was the infection by P. aeruginosa in hatching time from the environment or by invading the eggshell of embryo leading to death. Our incidence was compatible with Saif-Eldin (1983) and Shukla and Mishra (2015) who isolated the organism from unhatched chicken eggs with a percentage of 18.8% and 19% respectively.
The lower results were obtained by Hebat-Allah (2004) who isolated P.aeruginosa from baby chicks and broilers at rates of 17.6% and 3.3% respectively, also Mahmoud and Mousa (2000) , AbdelTawab et al. (2016) and Bakheet et al., (2017) who isolated P. aeruginosa from chicks with incidence rates 6.6%, 2.5% and 18.6% respectively. Higher results were obtained by Kurkure et al., (2001) who isolated P.aeruginosa from dead broiler chicks in an incidence of 57%.
In our study, serological identification dissented the results of biochemical tests in number of isolates due to 35 isolates only out of 40 isolates belonged to pseudomonas spp. and five isolates were unidentified serologically, the identified isolates were classified to five species as following : P. aeruginosa, P. cepacia, P. fluorescens, P. putida and P.fragi (Table 3 ) also it was found that P. aeruginosa strains divided into different serotypes O2, O6, O10 and O11 by using slide agglutination technique (Table 4) . Kusma (1978) confirmed the identification of heat-stable somatic antigens is the most widely used method for the serological typing of P.aeruginosa. In addition, Pitt and Erdman (1977) showed that the high specificity of O antisera was for P.aeruginosa serotypes. Vieu et al., (1984) mentioned that P.aeruginosa antisera are applied in serological identification of P. aeruginosa cultures using slide agglutination method, for epidemiological purpose. However, Lanyi (1967) found that all P.aeruginosa strains were agglutinated by the same antisera and proposed that the heat-stable antigenic determinants that responsible for polyagglutination in these strains might be identical. In this study the most clear P.aeruginosa serotypes were O6 and 11 (Table 4) P.aeruginosa attracts the attention as an awful pathogen for consumer health of various infections in human and food animals and carries multidrug resistant traits that are transferable to other pathogens of both human and animal. The antimicrobial resistance is one of the most important problems confronting the world and it is elevating in developing countries. Therefore, it's important to detect P. aeruginosa precisely and quickly and identify its susceptibility pattern; this may avoid useless antibiotic treatment which presents antibiotic-resistant pathogens (Hamisi et al., 2012) .
The antimicrobial susceptibility of P. aeruginosa was tested by using disc diffusion method against ten antimicrobials, the results were noted in table (5), cleared that the high resistance (100%) was noticed against Sulphamethazone, Erythromycin, Ampicillin, Tetracycline, Amoxicillin and Erythromycin followed by Nalidixic acid (57.1%), Streptomycin (42.9%), these results were coincided with Walker et al., (2002) ; Ahmed (2016) and Tartor and Elnaenaeey (2016) who mentioned that the high resistance was found to Tetracycline, Erythromycin and Ampicillin. In opposite to Abd El-Gawad et al., (1998) who reported that P. aeruginosa isolates of chickens were sensitive to Tetracycline. Abdel-Tawab et al., (2016) found that P.aeruginosa isolates were resistant to Nalidixic acid (80%).
In the current work, the high sensitivity was observed with Ciprofloxacin (100%), Gentamycin (85%) and Norfloxacin (71.4%) (Table 5) , these findings go hand to hand with Khan and Cerniglia (1994) , Hebat-Allah (2004) and Mohammad (2013) who recorded a high sensitivity with Ciprofloxacin and Norfloxacin while a lower sensitivity of P. aeruginosa to Ciprofloxacin and Norfloxacin was recorded by Abd El-Tawabet et al., (2014) . While Abd El-Gawad et al., (1998) and Kurkure et al., (2001) illustrated a high sensitivity to Gentamycin (88.6% and100% respectively).
These variations among the results may be attributable to the difference in many conditions surrounding hatcheries or may be a result of hyper-mutation which occurred frequently in P.aeruginosa strains and leading to the development of various antimicrobial resistance as reported by Maciá et al., (2005) . Antibiotic-resistant bacteria (ARB) can easily spread alongside the food chain and cause most of public health hazards (Da Costa et al., 2013 , FAO, 2015 , WHO, 2015 and Price et al., 2012 . Qin et al., (2003) reported that the identification of P. aeruginosa with traditional methods takes a long time to perform and extensive hands-on work by technicians. So, the PCR method has been used to provide a specific, rapid, simple, and vastly sensitive discovery of P. aeruginosa.
In the present study, PCR asserted the presence of P.aeruginosa DNA in seven isolates out of 16 isolates identified serologically, by using specific primers for P. aeruginosa (16S rDNA) at 956bp (Fig.1a, 1b) , these findings were bolstered by Spilker et al., 2004 . The Confirmation of P. aeruginosa identification by PCR method became more important to overcome the problems of culture method such as a false negative culture result that may be owing to the sample overgrowth by other bacteria, or to the presence of noncultivable or mutant organisms (Cornelis et al., 1989; De Vos et al., 1992 and Kolmos et al., 1993) P. aeruginosa has got an enormous numbers of extracellular virulence factors and cellular components which implicated in pathogenesis (Kebede, 2010 and Habeeb et al., 2012) . For those reasons, this study was designed for the detection of these virulence genes (oprL, lasB, toxA, exoS and lasI ( in P. aeruginosa isolates by using PCR.
Concerning the results of virulence factors (Table 6) , it was found that the detection of oprL gene in all our isolates (100%) (Fig. 2) confirmed the existence of P aeruginosa DNA because it considers a specific marker for molecular detection of P.aeruginosa and encodes a protein in the inner and outer membranes, which is essential for the invasion of epithelial cells (De Vos et al., 1997) , the same result obtained by Xu et al., (2004) , Abdullahi et al., (2013) and Hassan (2013) and implicated in efflux transport systems affecting cell permeability so there is a strong relationship between the detection of oprL and phenotypic antibiotic resistance that reported by Qin et al., (2003) and Lavenir et al., (2007) .
In this study, the incidence rate of toxA gene was 71.42%, as shown in Table ( 6) and Fig. (3) , similar results of toxA were reported by Qin et al., (2003) and Lavenir et al., (2007) . Khan and Cerniglia (1994) showed that 96% of tested P.aeruginosa isolates contained a toxA gene. Furthermore, the exoS and lasB genes were detected in our study, in five isolates of P.aeruginosa (71.42% for each of them) (Table 6 and Fig.4 and 5) and this percentage was nearly similar to Feltman et al., (2001) . Tartor and El-naenaeey (2016) who found that the colossal majority of P. aeruginosa isolates showed exoS gene (78.6%). The higher percentage was recorded by Nikbin et al., (2012) who detected lasB in all strains of P.aeruginosa (100%).
The mentioned virulence genes in this work such as, toxA, exoS and lasB were coordinated by a critical global regulatory systems consisted of transcriptional activator protein (LasR) and Pseudomonas autoinducer, (PAI), the central gene responsible for activation of this system was putative autoinducer synthase (lasI) (Kebede, 2010 and Habeeb et al., 2012) The lasI gene (quorum sensing Regulation gene) was detected in this existing study with a percentage (71.42%) (Table 6 and Fig.6 ). Venturi (2006) reported that the lasI is not detected in any Pseudomonas spp. otherwise P. aeruginosa strain. Our percentage of lasI gene was less than that was detected by Alshalah et al., (2017) who succeeded in the amplification of lasI gene in all clinical isolates of P.aeruginosa. In addition to, Nikbin et al., (2012) explained that the possession of P. aeruginosa for several virulence genes make it a reason for various levels of virulence and pathogenicity.
Quaternary ammonium compounds (QACs) are active detergents, Since the 1930s; they widely applied in the poultry industry because of their good antibacterial properties (Haynes and Smith, 2003 and Minbiole et al., 2016) . QACs commonly act by distracting the cytoplasmic and outer membrane lipid bilayers and disruption of the critical intermolecular interactions in a specific biochemical system (Tischer et al., 2012) . In recent years, disinfectants have been utilized with irreverence leading to adaptation of bacteria to those products and increasing the resistant of bacteria to disinfectants, such as QACs, which make the preclusion of P. aeruginosa is a more complicated trouble (Loughlin et al., 2002) .
Our study has focused alights on the detection of QACs resistance genes ( Table.6 ). The results demonstrated that the incidence rate of qacA/B and qacC/D was 14.28% for each of them ( Fig.7 and 8) . While, the qacED1 gene incidence was (100%) as it was detected in all isolates (Fig.9) and these results go hand to hand with Abdel-Tawab et al., (2016) and Bakheet et al., (2017) who detected by PCR the qacED1 gene in P. aeruginosa isolates with incidence rate 100% but these results were nearly in conformity with Amira (2016) who noticed that the qacED1 was distributed in most of P. aeruginosa isolates (93.1%). The high percentage of qacED1 gene in P. aeruginosa is owing to the widely distribution of this gene in Gramnegative bacteria, mainly in Enterobacteriaeace and Pseudomonas spp. (Wang et al., 2008) . Also, Longtin et al., (2011) and Zmantar et al., (2012) mentioned that qacA/B genes and qacC/D genes were predominant among Grampositive bacteria and this explained the low incidence of both qacA/B and qacC/D in our work.
The pervasive using and exposure of microorganisms to sub-MIC concentrations of QACs could be result in the disinfectant resistance and showed that the contingency of cross-resistance among disinfectants and antimicrobials has been occurred because of using QACs-based disinfectants in environments where antibiotics are used, thus fuelling the concern of a relation between QAC and antibiotic resistance (Reverdy et al., 1993 and Hegstad et al., 2010) . So, it was recommended that the use of disinfectants should be the last line of defense for the poultry industry (Bakheet et al., 2017) .
The QACs resistance genes are linked to the minor multidrug resistance family (Paulsen et al., 1996) . QacED1 is mainly found in Gram-negative bacteria in combination with genes coding for resistance to Sulphonamides, Aminoglycosides, Chloramphenicol, β-lactams and Trimethoprim so, this leads to increasing the study of bacterial resistance to QACs in the food industry and veterinary fields (Zhao et al., 2012) .
It is significant to clear that, in this study all qacED1 positive P. aeruginosa were multidrug resistant. These findings came in conformity with Bakheet et al., (2017) who found that all qacED1 positive P. aeruginosa were resistant to at least three classes of antimicrobial agents. This definites the link between QACs resistance genes and multi-drug resistance bacteria of the isolated strains, also Russel (2002) explained that the disinfectant resistance might be back to antibiotic resistance by coresistance, cross-resistance and co-selection mechanisms.
Conclusion
Our study proved that a high virulence repertoire was owned by the P. aeruginosa confirming its pathogenicity for chicken embryos and broilers, especially in the presence of oprL gene which plays a great role in antimicrobial resistance and qacED1 gene that reflects another complicated problem with QACs disinfectants. Therefore, this study can provide the poultry farms with suitable guidelines for the prescription of accurate antimicrobials particularly, after appearance a positive relation between antibiotic and disinfectant resistance. 
